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An exploratory experimental  and theoretical  investigation of gaseous nuclear 
rocket technology i s  being conducted by the United Aircraft Corporation Research 
Laboratories under Contract ~Mw-847 with the joint  AEC-NASA Space Nuclear 
Propulsion Office. The Technical Supervisor of the Contract  for  NASA i s  Captain 
C .  E.  Franklin (USAF). Results of the  inves t iga t ion  of the  charac te r i s t ics  of  a 
coaxial-flow reactor conducted during the period between September 15, 1966 and 
Apri l  15, 1968, and r e s u l t s  of invest igat ions of the character is t ics  of  t ransparent  
materials conducted between September 15, 1967 and April 15, 1968, axe described 
in  the fol lowing two reports  ( including the present  report)  which comprise the 
required seventh Interim Summary Technical Report under the Contract: 
1. ,Tohnson, B. V. :  Experimental  Study of Multi-Component Coaxial-Flow Je t s  i n  
Short Chambers. United  Aircraft  Research  Laboratories  Report G-910091-16, 
A p r i l  1968. (NASA CR-1190) 
2 .  Gagosz, R .  M. and J .  Waters: Optical  Absorption  and  Fluorescence i n  Fused 
S i l i c a  During TRIGA Pulse Irradiation. United Aircraft Research Laboratories 
Report G-910485-3, Apri l  1968. (present   report)  
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SUMMARY 
An experimental  investigation w a s  conducted a t  the University of I l l i n o i s  I 
TRIGA Mark I1 pulse  reactor  to  determine the spectral  t ransmission character is t ics  
during and after an i r rad ia t ion  pulse  and t o  determine the cause of the apparent 
increase in transmission during the pulse and the apparent decrease of transmission 
a f te r  the  pulse  which had been observed in  the  p rev ious  t e s t  program. A t o t a l  of 
91 experiments were performed on s i x  specimens a t  a range of temperatures from 500 
t o  9OOC. Transmission measurements were made at two wavelengths, 2150 and  3021 
Angstroms.  Corning 7940 f u s e d  s i l i c a  specimens i n  a corner cube configuration were 
mounted next to  the  reac tor  core  face  a t  the  in t e rna l  end of a reactor  beam por t .  
Peak neutron and gamma fluxes obtained from t h i s  r e a c t o r  were approxhate ly  
5.4 x l d - 5  n/cm2-sec and 6.1 x lo7 R/sec, respect ively.  Neutron and gamma doses 
associated  with  these  pulses were 2.3 x lo1' n/cm2 and 2.0 x 10 6 R, respectively.  
In  addi t ion  to  the  t ransmi t tance  tes t s ,  bypass  and opt ica l  ins t rumenta t ion  tes t s  
were conducted t o  examine the influence of the optical alignment parameters upon 
system operation. Fluorescent tests were also conducted to  obtain an appl icable  
cor rec t ion  to  the  t ransmi t tance  runs .  
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1. During the  peak of the reactor pulse approximately 0.01 cm-’ of 
absorption i s  present at specimen temperatures of 9OOC. 
2.  Sample f luorescence,  monitored al ternately with t ransmit tance tes ts ,  
Indicated  that :  
a )  at a given temperature the fluorescence i s  repeatable and  not 
influenced by previous irradiation pulses;  
b )   the   f luorescent   l eve l   decreases  as the  temperature i s  increased 
t o  9OOC; and, 
c )  dependent upon source intensi ty ,  the f luorescent  s ignal  can contr i -  
bu te  s ign i f icant ly  to  the  t ransmi t ted  s igna l  thereby  expla in ing  
the inadequate correction of data reported previously.  
3. The cause for the apparent transmission decrease 150 mi l l i seconds  a f te r  
the irradiation pulse has not been conclusively determined, but is s t i l l  f e l t  t o  be 
due t o  uneven cooling of  t h e  specimen, which i s  gamma-heated during the pulse .  
4. Improved shielding of the experimental equipment  minimized the inf luence 
of gamma i r r a d i a t i o n  on the photomultiplier,  thereby removing the  need for bypass 
correct ions.  
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INTRODUCTION 
A program i s  being conducted at the  Research Laboratories of United 
Aircraft Corporation under Contract NASw-847 wi th  the  Jo in t  AEC-NASA Space Nuclear 
Propulsion Office t o  de te rmine  the  feas ib i l i ty  of the nuclear  l ight  bulb rocket  
engine concept. This engine concept is  based on the  t r ans fe r  of energy by thermal 
r ad ia t ion  from gaseous nuclear fuel through an internal ly  cooled t ransparent  wall 
t o  a seeded hydrogen propellant. The degree of transparency of the  w a l l  w i l l  
depend upon two competing fac tors :  1) the creat ion of  color  within the w a l l  due 
t o  t h e  n u c l e a r  i r r a d i a t i o n  and, 2 )  the bleaching and/or annealing of this 
i r radiat ion-induced color  E t  elevated w a l l  temperatures. The engine concept requires 
t ha t   t he  w a l l  temperature be suff ic ient ly  high to  maintain t ransparency when 
subjected to the intense neutron and gamma irradiation during engine operation. 
Several  programs have been conducted t o  determine the effect of nuclear 
i r r a d i a t i o n  on the t ransmission character is t ics  of op t ica l  mater ia l s .  The purpose 
of these investigations has been t o  determine the equilibrium absorption which may 
be present  in  the w a l l  of an operating nuclear light bulb engine by examining the 
re la t ionship  between the reactor irradiation parameters (flux and dose) and 
material temperature. Since it i s  not possible t o  simulate both the neutron flux 
and neutron dose of an operating nuclear light bulb in a s ing le  i r r ad ia t ion  under 
reactor  operat ing condi t ions,  the research invest igat ions have been carried out 
using two different techniques to simulate,  independently,  dose and f l u x  i n  a 
nuclear l ight bulb engine.  Dose simulation was accomplished by measuring the 
opt ical  t ransmission of materials subsequent to long reactor irradiations (Refs.  1 
and 2 ) .  Flux simulation was accomplished by measuring the optical transmission of 
materials during exposure t o  t h e  n u c l e a r  i r r a d i a t i o n  i n  a pulsed reactor with high 
peak power levels (Ref. 3 ) .  
During the f lux s imulat ion s tudies ,  two anomalies were noted. F i r s t ,  
there  was an indicated increase in  the t ransmission (negat ive absorpt ion)  of the  
fused  s i l i ca  du r ing  the  r eac to r  pu l se ;  t h i s  was presumably due t o  sample 
fluorescence or gamma i r r a d i a t i o n  e f f e c t s  on the  l igh t  source  or  photmul t ip l ie r  
systems. Second, there was an apparent decrease in transmission approximately 150 
mi l l i seconds  a f te r  the  reac tor  pu lse ;  th i s  e f fec t ,  which disappeared several 
seconds a f te r  the  reac tor  pu lse  w a s  thought t o  be  the  resu l t  of non-uniform 
temperature gradients due t o  gamma heating of the  sample during the reactor pulse.  
These two e f f e c t s  are i l l u s t r a t e d  i n  Fig. 1 (data of R e f .  3 )  and are dominant a t  
elevated  temperatures (500 and  900C). 
Consequently,  the in-reactor irradiation test  program a t  the University of 
I l l i n o i s  TRIGA Mark I1 reac tor  w a s  continued using modifications t o   t h e   b a s i c  
techniques which  were  employed previously. Since the anomalies noted above  were 
apparent only i n  t h e  u l t r a v i o l e t  p o r t i o n  of the spectrum, testing was r e s t r i c t e d  
3 
t o  two wavelengths: 2150 Angstroms, the center  of  a neutron-induced absorption 
band; and 3021 Angstrams, an arbi t rary ul t raviolet  wavelength not  associated with 
any neutron induced absorption band. Measurements  were made of the transmission 
charac te r i s t ics  of fused sil ica immediately before,  during and after the  r eac to r  
pulses.  In addi t ion tests were conducted t o  determine the cause of the anomalous 
results described above. These included shielding tests,  opt ical  instrumentat ion 
t e s t s  and fluorescent tests.  Specimen temperatures  ranged from 500 t o  gOoC 
with the majority of the tests being conducted a t  TOW. 
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DESCRIPTION  OF EQUIPMENT 
System Configuration 
The optical  instrumentation system employed i n  t h e  p r e s e n t  test  program is 
the  same as that  used in  the previous programs ( R e f .  3). It i s  capable of making 
transmission measurements during the TRIGA pulse a t  any selected wavelength from 
0.21 t o  1.1 microns at specimen temperatures ranging from ambient t o  gOOC with an 
overall  response time of 3 milliseconds and an accuracy of f5$. The o p t i c a l  
configuration of the instrument i s  presented schematically in Fig.  2, and p i c t o r i a l l y  
i n  Fig. 3. As i nd ica t ed  in  the  figure, opt ica l  rad ia t ion ,  se lec ted  from e i t h e r  of 
two light sources, passes through a condensing system which se rves  to  co l l ec t  t he  
rad ia t ion  and focus it on a var iable  aper ture  which a c t s  as a point source for the 
coll imating optics.  The l igh t  i s  then  co l l imated  us ing  an  of f -ax is  parabol ic  f i r s t  
surface mirror (Perkin-Elmer 098-0041) and directed towards the specimen located 
in  the  nuc lear  environment using a 45O prism silvered on the two perpendicular 
faces .  A var i ab le  f i e ld  s top  i s  present  in  the  co l l imat ing  sys tem in  order  to  l imi t  
t h e  amount of l ight  received by the  specimen. The specimen i t s e l f  i s  a corner cube 
prism made of Corning 7940 U.V. grade fused s i l ica  and i s  mounted within a water 
cooled furnace assembly located a t  t h e  i n t e r n a l  end of the  beam port next t o   t h e  
reactor  core  face.  In  t ravers ing the specimen, t h e  l i g h t  is in te rna l ly  re f lec ted  
such that it is redirected out of the nuclear environment parallel  to,  but laterally 
displaced from, t h e  incoming beam (an inherent  character is t ic  of the corner cube 
configuration).  The l i gh t  t hen  s t r ikes  the  second s i lvered face of the  45' prism 
and is  directed towards a second off-axis parabolic mirror (Perkin-Elmer 098-0041) 
which focuses  the  l igh t  on the entrance s l i t  of the  monochromator (Perkin-Elmer 99) 
and detector subsystem v ia  an  aux i l i a ry  f i r s t  su r f ace  mi r ro r .  In  o rde r  t o  ob ta in  
rapid data  acquis i t ion of t rans ien t  e f fec ts ,  a Visicorder, equipped with 500 KC 
galvanometers, i s  employed to  record the output  from the detector  subsystem. 
Also shown in  F igs .  2 and 3 are the concrete and lead shielding walls 
i n s t a l l e d  p r i o r  t o  t h e  p r e s e n t  s e r i e s  o f  t e s t  t o  minimize the  e f f ec t s  of gamma 
i r r a d i a t i o n  on the photomultiplier.  
In  the present  invest igat ions,  concerned only with the ul t raviolet  spectral  
region, the Hanovia 771-B-32 hydrogen discharge lamp was used i n  combination with a 
modified Cary u28 photomultiplier detector.  The hydrogen discharge lamp with two 
permanently mounted Suprasi l  windows provides ample energy i n   t h e   u l t r a v i o l e t  down 
t o  0.16 microns. It was determined prior to invest igat ion of the present tes t  
program t h a t  t h e  hydrogen discharge lamps, as received from the manufacturer, were 
very unstable. The d i f f i c u l t y  w a s  t raced  to  an  incor rec t  pressure  of  hydrogen 
within the lamp and subsequent r e f i l l i n g  of t h e  lamps appeared t o  c o r r e c t  t h e  
problem. However,  some i n s t a b i l i t y  and short  operating l ife-t imes were s t i l l  
experienced during the f i r s t  group of t e s t s  (Se r i e s  A through D )  conducted at 
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t h e  r e a c t o r  t e s t  s i t e .  T h i s  problem was corrected before the second group of tests 
(Series E through H )  by operat ing the lamps for thirty minutes with flowing hydrogen 
at 5 m.m. p ressure  pr ior  to  sea l ing .  This  procedure  improved  lamp operation by 
inc reas ing  bo th  the  s t ab i l i t y  and the output intensity.  
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EXPERIMENTAL TEST PROGRAM 
The experimental tes t  program was designed t o  accomplish several 
objectives : 
1. To veri f 'y  that  the apparent  increase in  t ransmission during t h e  
i r r ad ia t ion   pu l se  w a s  i n   pa r t   caused  by an interact ion of  the reactor  pulse  upon 
the instrumentation and correct the problem. 
2. To examine the fluorescence,  i f  any, of  the sample, during the reactor 
i r r a d i a t i o n .  
3. To determine the cause of the apparent loss in  t ransmission short ly  
a f t e r  t he  r eac to r  pu l se .  
4. To determine the amount of absorpt ion present  in  the specimen during the 
reactor  pulse .  (It should be noted that while this was the  main objective of the  
present program, it was f i rs t  necessary to  account  for  the anomalies  observed in  
the previous program.) 
The Universi ty  of  I l l inois  TRIGA Mark I1 reactor  was operated in  the  pu l se  
mode to  obta in  the  h igh  peak powers ( > 500 Megawatts ) genera ted  in  th i s  mode. 
Pulses at t h i s  power level  supply peak neutron and gamm fluxes of approximately 
5.4 x 1 6 5  n/cm2-sec and 6.7 x 107R/sec respectively with a pulse width at ha l f  
peak power of approximately 30 milliseconds.  Total  integrated neutron and g m a  
doses provided by the  reac tor  were on the order of 2 .3  x lG4 n/crn2 and 2.6 x 106R 
respect ively.  
A t o t a l  of 91 reactor pulses were performed using a t o t a l  of 6 specimens. 
The tes t  condi t ions  for  these  pulse  i r rad ia t ion  a re  sununarized i n  Table I. 
Bypass Tests - Fourteen runs were made t o  s tudy  the  e f fec t  of the  
pulse  i r rad ia t ion  on the instrumentation; the l ight beam bypassed 
the  r eac to r  or the  monochramator entrance s l i t  was closed for  
these runs. 
Fluorescent Tests - Twenty f i v e  runs were made t o  monitor the fluo- 
rescent radiation during a pulse;  the light source remained off 
for  these runs.  
Instrumentation Tests - Twenty runs were made t o  determine the effecfs 
of optical alignment upon the apparent transmission decrease 
some 150 mill iseconds af ter  the peak of the pulse ,  and s i x  runs 
were made in  an at tempt  to  visual ly  determine,  by schl ieren 
observation, causes for this apparent transmission decrease. 
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Transmissivity Tests - Twenty six runs were made to   ob ta in   t r ansmiss ion  
data; these  runs were a l te rna ted  wi th  the  f luorescent  runs t o  
determine correctism factors. 
Bypass Tests  
Eleven bypass runs (A-1  through A-11  ) were made t o  determine whether the 
reactor pulse had any e f f e c t  on the instrumentat ion and, i f  so, t o   e s t a b l i s h  
corrective  measures.   These  tests  are summarized i n  Table 11. It was determined 
during the first two of these runs t h a t  gamma rad ia t ion ,  ra ther  than  l igh t  source  
e f f ec t s ,  was the cause of the noise signal within the photomultiplier.  Therefore,  
nine of the eleven runs were conducted with the monochramator entrance s l i t  closed 
to  e l imina te  both  l igh t  source  and ambient l i g h t  e f f e c t s .  Three addi t ional  runs 
were made throughout the program to  ve r i fy  the  e f f ec t iveness  of the  cor rec t ive  
measues which are discussed below. 
Figure 4 shows the  e f f ec t  of photomultiplier location. The camplete  absence 
of any increase in  s igna l  dur ing  a reactor  pulse  when the photomult ipl ier  was 
located outside the shielding concrete w a l l  ind ica ted  tha t  the  beam catcher 
( located on the  axis of the  beam p o r t )  was backscattering the gamma-radiation t o   t h e  
photomultiplier.  As a r e s u l t  of these tests, t h e  beam catcher was reposit ioned and 
a new concrete and lead wall was ins ta l led  (F igs .  2 and 3)  t o  reduce the back- 
sca t te red  rad ia t ion  in te rcepted  by the photomult ipl ier .  Addit ional  lead shielding 
was used around the photomultiplier.  Figure 5 shows the  improvement i n  n o i s e  
s igna l  ( reduct ion)  as a r e s u l t  of i n s t a l l a t i o n  and modification of t h i s  sh i e ld ing .  
In  th i s  ca se ,  t he  runs were made with the light source on,thus accounting for the 
increased  s igna l  leve l  over  tha t  shown i n  Fig. 4, and t h e   l i g h t  beam bypassing the 
reac tor  beam por t .  
Further studies were conducted during t h i s  s e r i e s  of bypass t e s t s   t o   v e r i f y  
the use of the  subt rac t ive  cor rec t ions  appl ied  to  the  data of the previous contract  
(Ref. 3).  These s tudies  showed t h a t  t h e  change in  photomult ipl ier  output ,  as a 
f’unction of gain, was ident ica l  for  bo th  gamma induced noise and a constant  intensi ty  
light source;  thus substant ia t ing that  the noise  i s  addi t ive.  
Fluorescent Tests 
A t o t a l  of  twenty-five fluorescent runs were made at temperatures ranging 
from 500 t o  gOOC. The fluorescence was detected by monitoring the energy incident 
upon the entrance s l i t  of t he  monochromator with the l ight  source off .  Thus the  
only l ight  col lected and detected would be tha t   r ad ia t ed  by the  specimen during the 
pulse. The monochromator s l i t  width was the  same for both the fluorescence and 
t ransmi t tance  tes t s .  These t e s t s  show t h a t  s i g n i f i c a n t  specimen fluorescence occurs 
a 
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during the reactor pulse.  Figures 6 through 8 show typica l  f luorescent  s igna ls  
ob ta ined  in  run  series B, C and G. 
The r e p e a t a b i l i t y  of the fluorescence a t  a specimen temperature of 7OOC 
i s  shown i n  Fig. 6. This  degree of  repeatabi l i ty  indicates  that  there  i s  no 
increase of fluorescence with successive irradiation pulses and, therefore, allows 
d i rec t  subt rac t ion  of the fluorescence from the transmittance runs.  The e f f e c t  
of temperature on the  f luorescent  leve l  is  shown i n  F i g s .  7 and 8. In both cases,  
a 25 t o  3 6  r educ t ion  in  the  magnitude of the fluorescence occurs as the temperature 
i s  increased from 500 t o  gOCC. This reduction i s  s igni f icant ly  la rger  than  the  
s c a t t e r  shown i n  Fig. 6, indicating that reduced fluorescence with increased 
temperature i s  a r e a l  e f f e c t .  
The magnitude  of the  f luorescent  s igna l  ( in  some cases equal t o  t h e  
transmitted signal)  explains the apparent anomaly of increased transmission 
observed during the previous contract and reported in Ref. 3. No fluorescent 
measurements were made i n  t h a t  program and therefore ,  a complete correction could 
not be made. 
Ins-crumentation Tests 
Twenty instrumentation test  runs were conducted t o  determine the cause of the  
second anomaly (the apparent decrease in transmission some 150 milliseconds nPter 
the  reac tor  pu lse)  no ted  in  the  in t roduct ion .  These runs are summarized i n  Table 
111. The e f f e c t  of optical  parameters was s t u d i e d  f i r s t ,  by varying the monochro- 
mator s l i t  width, the focus of the  monochromator, the focus of t h e  condensing 
parabola immediately preceding the monochromator and the alignment of t he  op t i ca l  
beam with respect t o  t h e  o p t i c  a x i s  of the  system. As  shown i n  Table 111, no 
large changes (greater  than 5 % )  i n  t h e  l e v e l  of the t ransmit ted s ignal  were 
observed during these test  runs.  The apparent transmission decrease was, therefore,  
i n t e r p r e t e d  t o  be insensit ive to the optical  alignment parameters.  
The cause of the apparent  loss  in  t ransmission w a s  then assumed t o  be the  
r e s u l t  of t he  l i gh t  beam deviating from t h e  o p t i c a l  axis in  t ravers ing  the  corner  
cube specimen. Such deviations could be caused by thermal gradients within the 
corner cube which are induced by gamma-ray heating and subsequent cooling of t h e  
specimen af te r  the  reac tor  pu lse .  Heat can be conducted out of the specimen 
through the aluminum oxide holder which i s  in  contac t  wi th  the  specimen a t  three 
points (equally spaced E O o  a p a r t )  on the  c i r cu la r  po r t ion  of the corner cube. 
Figure 9 shows the effect  of modifying the heat conduction path from t h e  specimen. 
I n  one case ( r u n  E-1) a l l  three  specimen contacts were in  p lace  whereas one of  the 
contacts w a s  del iberately broken in  run F-1. The optical  alignment w a s  the  same i n  
these two runs and the  s ign i f icant  d i f fe rence  in  the  t ransmiss iv i ty  ind ica tes  tha t  
the apparent loss of t ransmission in  the specimen a f t e r  t he  r eac to r  pu l se  is  not 
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due t o  r e a l  a b s o r p t i o n ,  b u t  p o s s i b l y  t o  a d ispers ive  e f fec t  on t h e  l i g h t  beam as a 
r e s u l t  of a thermal gradient.  
Six high speed schlieren movies were a l so  taken  dur ing  th i s  tes t ing  per iod  
i n  an attempt t o  v e r i f y  t h e  above conclusion. These t e s t s  were made us ing  the  
visible spectrum from the  tungs ten  s t r ip  f i lament  lamp since high speed fi lm 
s e n s i t i v i t y  is  not available at 2 l 5 O A  i n  t h e  u l t r a v i o l e t .  However, t h e  r e s u l t s  
were somewhat inconclusive since it was not  possible  to  obtain good film exposure. 
In  add i t ion ,  t he  e f f ec t  would not be as eas i ly  observable  in  the  v is ib le  reg ion  
where the dispers ion ( the var ia t ion of index of refraction with 7.avelength) of 
f u s e d  s i l i c a  is  qui te  small. On the  cont ra ry ,  the  d ispers ion  in  the  u l t rav io le t  
region would be quite large,  since the wavelength of observation is  very close t o  
the absorption edge of fbsed sil icayespecially a t  elevated temperatures. 
Consequently, small per turba t ions  in  specimen temperature could cause significant 
e f f e c t s  on  beam propagat ion  in  the  u l t rav io le t ,  bu t  no conclusive resul ts  were 
obtained to  subs tan t ia te  th i s  pos tu la ted  explAat ion  for  the  second anomaly. 
0 
Transmissivity Tests 
Twenty-six i r r ad ia t ion  pu l ses  were made t o   o b t a i n  specimen t ransmissivi ty  
data during and M e d i a t e l y  a f t e r  t h e  p u l s e .  A t o t a l  of four specimens was used 
f o r  t h i s  p o r t i o n  of t h e  program.  Specimen temperatures  ranged f rgm 500 t o  9OOC 
with the majority of runs being made a t  7OOC. Two specimens (sc62-8 and ~ ~ 6 2 - 9 )  
were not annealed prior t o  the  i r r ad ia t ion  p rocess  wh i l e  t he  two other specimens 
(sc62-11 and SC62-13) were annealed at l O 5 C C  (higher than any in-reactor temperature) 
for  one hour p r i o r   t o   t e s t i n g   i n   t h e   r e a c t o r  beam por t .  
Figure 10 i l lustrates  typical  data  obtained with the Visicorder  during runs 
G-3 and G-4. The transmission run, G-3,  shows a peak-to-peak fluctuation of 
approximately 4% and therefore  limits t h e  s e n s i t i v i t y  of t h e  measurements ( the 4 
fluctuation corresponds t o  an absorpt ion coeff ic ient  of approximately 0.005 cm- ). 
The fluorescent run, G-4, when compared with run G-3, shows t h e  magnitude of the  
f luorescence relat ive to  the t ransmit ted s ignal  level  during the peak of the pulse .  
The data obtained during these two runs i s  p lo t ted  at 10 mill isecond intervals 
during the peak of the pulse  as shown in  F ig .  11 t o   i l l u s t r a t e   t h e  manner i n  which 
t h e  data was reduced. The f luorescent  s igna l  leve l  recorded  in  run  G-4 has been 
subtracted from the s ignal  level  of  the t ransmission nm (G-3) to  ob ta in  the  
corrected s ignal  level  during the peak of the pulse .  The correct ion i s  only 
applicable during the peak  of the pulse  ( the per iod of strong fluorescence).  The 
t ransmissivi ty  of the specimen during and af te r  the  i r rad ia t ion  can  be  subsequent ly  
obtained by t ak ing  the  r a t io  of the  cor rec ted  s igna l  leve l ,  It, at times during and 
a f t e r  t h e  p u l s e ,  t o  t h e  s i g n a l  l e v e l ,  I-o.l, 0.1 seconds before the peak of t h e  
pulse. The corrected transmissivity along with the irradiation induced absorption 
coeff ic ient ,  for  the var ious data  runs is plo t ted  as a function of time from t h e  
f 
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peak of t he  pu l se  in  F igs .  I 2  through 18. 
The transmissivity of the unannealed specimen, sc62-8, at 3021 Angstrams 
i s  shown i n  Fig. 12 f o r  3 d i f fe ren t  specimen temperatures: 5 0 0 ,  TOO and g0C.  
Because the  d i f fe rence  i n  t ransmissivi ty  for  these three runs i s  less than  the  5$ 
sensi t ivi ty  of  the system, no differences between the runs can be detected and 
a t t r i b u t e d  t o  e f f e c t s  of specimen temperature. A var i a t ion  in  the  t r ansmiss iv i ty  
o f  t h i s  same specimen at 2150 Angstroms, as a function of temperature, can be seen 
i n  Fig. 13. The apparent increase i n  t ransmissivi ty  at the  peak of the pulse  
during run B-18 (900C) i s  a t t r i b u t e d   t o  an i n s t a b i l i t y   i n   t h e  hydrogen lamp output 
near  the  end of i ts  operating l i f e .  
The r e p e a t a b i l i t y  of the data during runs a t  7OOC f o r  an annealed sample 
(sc62-11) and an unannealed sample (sc62-9) is  i l l u s t r a t e d  i n  F i g s .  1 4  and 1 5  
respect ively.  The shape of the curves obtained in  the two tes t s  a re  s imi la r  wi th  
the unannealed specimen having approximately a lo$ greater  loss  in  t ransmiss iv i ty  
during the pulse.  As can be seen by comparing the Tables  in  Figs .  1 4  and 1 5  a 
larger (by a f a c t o r  of 2)  f luorescent  cor rec t ion  was required during series D. 
This was due t o  a decrease in  lamp in t ens i ty  du r ing  th i s  s e t  of runs with the 
resu l t  tha t  the  f luorescents igna l  leve l  w a s  approximately equsl t o  the t ransmit ted 
lamp i n t  ens i t y  . 
Figures 16 through 18 i l lus t ra te  the  t ransmiss iv i ty  resu l t s  ob ta ined  us ing  
an  annealed  specimen,  sc62-13, at temperatures of 500, TOO and 9OOC. The lamp 
i n t e n s i t y  and s t a b i l i t y  were s u f f i c i e n t l y  improved for these runs so a s  t o  reduce 
t h e  r e l a t i v e  magnitude of the fluorescence at the  peak of t he  pu l se  to  4 t o  8% 
of the t ransmit ted s ignal .  As a r e s u l t ,  it i s  f e l t  t h a t  t h i s  data i s  most 
representat ive of the transient absorption induced within the specimen during the 
i r rad ia t ion  pulses .  The maximum amount of absorption, 0.02 ern-’ at 500C and 0.01 
cm-l at 9OOC, occurs approximately 10 mill iseconds af ter  the peak of the pulse.  
The e f f e c t  of temperature on the absorption coefficient during the peak of 
t h e  TRIGA pulse  for  a l l  da ta  runs is  summarized i n  Table I V  and presented 
graphica l ly  in  F ig .  19. Although a considerable amount of s c a t t e r  e x i s t s  as.a 
r e s u l t  of lamp intensity fluctuations,  careful examination of the data obtained 
during run ser ies  G shows an absorption coefficient of about 0.015 cm-l at 500C 
which dec reases  l i nea r ly  to  0.010 cm-l at gOoC. It i s  f e l t  t h a t  t h i s  amount of 
absorption should not adversely affect  the operation of a nuclear l ight bulb 
engine. 
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STLTDY OF FUTLTRE IN-REACTOR EXPERIMENTS 
Preliminary studies have been conducted t o  examine t h e   p o s s i b i l i t y  of 
measuring the transmission of optical specimens while they are exposed t o   s t e a d y  
s t a t e   i r r a d i a t i o n   i n   e i t h e r  Union Carbide's 5 Megawatt steady state r eac to r  o r  a 
Dynamitron electron accelerator .  Such invest igat ions would, i n  t h e  first case, 
permit an examimtion of the absorpt ion produced in  a material under long term 
exposure t o  a continuous flux whose t o t a l  dose would s imulate  that  of an 
operating nuclear l ight bulb engine; and, i n   t h e  second case, provide very high 
s teady-state  e lectron fluxes in  o rde r  t o  s imula t e  the  co lo ra t ion  to  be  expec ted  
i n  a nuclear l ight bulb engine.  
Union Carbide Studies 
This  inves t iga t ion ,  in  addi t ion  to  s imula t ing  to ta l  dose  condi t ions ,  would 
also permit a determination of the equilibrium absorption which may exis t  during 
t h e  i r r a d i a t i o n .  The i n i t i a l  s t u d i e s  i n d i c a t e  t h a t  specimen configuration used in 
the  TRIGA experiments would a l s o  be appl icable  for  these  tes t s  by u t i l i z i n g  a beam 
p o r t  i n  t h e  Union Carbide Reactor. Some equipment modifications would be required 
i n  order t o  provide a reference beam for these long term (10 t o  100 hours) 
experiments. Because  of the  continuous nature of t h i s  i r r ad ia t ion ,  ex tens ive  
shielding, requiring review by the Reactor Safety Committee at Union Carbide, w i l l  
be necessary.to maintain personnel safety.  
Dynamitron Studies 
While it is poss ib le ,  in  a dynarnitron acce lera tor ,  to  s imula te  the  co lora t ion  
present  in  a nuclear light bulb er,gine, t h e  d i f f i c u l t y  i n  such t e s t s  l i es  i n  t h e  
problem of finding an electron flux which provides the same e f f e c t  as the neutron 
and gamma f lux.  One measure of the proper  f lux s imulat ion may be the ionizing dose 
rate s ince the ionizing radiat ion appears  to  be the cause of t h e  c o l o r  i n  t h e  
samples previously tested (Refs. 2 and 3 ) .  It has been estimated that a beam 
current density of 0.2 milliamperes/cm2 (1 .3 x 10'5 electrons/cm2-sec) would 
provide the same ionizing flux as t h e  gamma r a d i a t i o n  i n  a full scale nuclear 
l ight bulb engine.  However, simulation of the displacements induced by t h e  
neutrons, which a re  c rea t ed  in  a nuc lear  l igh t  bulb engine, would recpi re  an 
e lec t ron  f lux  between one and two orders of magnitude higher than that for 
ionizing dose rate simulation. 
An e lec t ron  f lux  of 1.3 x 1015 electrons/cm2-sec leads t o  two conditions 
on the thickness of t h e  specimens which may be employed i n   t h e  dynamitron tests. 
Firs t ,  the  penetrat ion depth would depend upon the specif ic  energy of the  e lec t rons ,  
12 
I 
e.g., 1.42 MeV e lec t rons  pene t r a t e  t o  a depth of approximately 0.364 cm. which 
s e t s  t h e  maximum allowable thickness.  Second, the high heat  deposi t ion may lead  
t o  a large temperature gradient across the sample. Since this temperature 
difference increases  approxbately as the  square of the thickness  of t he  specimen, 
it would be desirable  t o  employ as t h i n  a specimen as possible ,  consis tent  with 
instrumental  considerations.  T o  l imi t  t he  t empera tu re  d i f f e ren t i a l  t o  llOC, 
t h e  maximum thickness allowed is  0.12 cm when the  back surface (side opposite 
the  e lec t ron  beam) of t he  specimen i s  cooled. 
Preliminary investigations based upon t h i s   r e l a t i v e l y   t h i n  sample 
dimension (0.12 cm) suggcsts a specimen conf igura t ion  in  which the back surface 
is cooled and the diagnostic l ight beam is passed through the specimen p a r a l l e l   t o  
the  la rge  sur faces .  This should not impose any stringent requirements on the  
opt ical  configurat ion s ince any port ion of the light beam s t r ik ing  the  c lose ly  
spaced paral le l  surfaces  will undergo t o t a l   i n t e r n a l   r e f l e c t i o n  and thus not be 
scattered out of the  specimen. 
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LIST OF SYMBOIS 
t Time, sec 
It Signal level   during and a f t e r  TRIGA pulse,  mill ivolts 
I-o.l Signal l e v e l  0.1 seconds  before TRIGA pulse,   mill ivolts 
a Absorption  coefficient, cm-’ 
7 Transmissivity, I/Io 
7 c  Transmissivity  corrected  forluorescence 
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TABLE I1 
SUMMARY OF BYPASS TEST RESWTS 
Photomulti- 
p l i e r  
Voltage 
730 
73 0 
73 0 
730 
730 
Mono- 
chrmatc 
S l i t  wic 
0.4 m 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0.40 
Test Description 
Normal b a s s  
Photomultiplier t es t  
Photomultiplier gain t es t  
11 I1 11  
11  11  11  
Photomultiplier located a t  
monochromator 
Photmultiplier located outside 
shielding  wal l  
Additional lead shielding pro- 
vided f o r  monochromator 
photomultiplier 
Beam catcher and lead window 
removed 
New sh ie ld ing  wal l  ins ta l led  
Norma 1 By pass 
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TAEILE I11 
S W Y  OF OPTICAL-INSTRUMENTATION TESTS 
E - 1  9 3 . 8  
E-2 93.5 
E-3 93.3 
E-4 
E-5 95.6 
E-6 
E-? 95.4 
E-8 
E-9 96.3 
t-10 
E- l l  95.4 
E-12 97.7 
E-13 92.3 
E-14 96.2 
E-15 97.9 
E-16 95.1 
E-17 97.0 
E-18 97.0 
E-19 96.9 
E-20 96.9 
97.7 
94 .6$ 
93.3 
96.7 
96.0 
96.3 
95.4 
97.7 
94.8 
98.6 
97.9 
95.8 
97.7 
95.5 
95.3 
95.3 
96.1 
88.8 
91.2 
98.1 
94 .O 
95 4 
96.4 
96.5 
97.7 
97.3 
97.7 
97.0 
98.4 
99.0 
96.1 
99.8 
96.6 
98.6 
97.0 
98.4 
98.4 
96.9 
93.5 
91.2 
99.5 
S l i t  
Monochromator en t r ance  s l i t  vidth,  
Parabola t o  
Mi l l imeters   d i s tance  Alignment 
0 .4  
0.4 
0.4 
0.8 
1.2 
2 .o 
0.4 
0.4 
0.4 
0.4 
0.4 
0.4 
0.4 
0.4 
0.4 
0.4 
0.4 
0.4 
0.4 
0.4 
i n  focus 
in  focus  
in  focus  
in focus 
in focus 
in  focus  
i n  focus 
defocussed 
i n  focus 
defocussed 
defocussed 
defocussed 
in focus 
in focus 
in focus 
in focus 
i n  focus 
i n  focus 
i n  focus 
in focus 
Wavelength 0.215 microns 
Temperature 7W°C 
H2 Source 3W ma a t  1550 volts 
SC62-12 preannealed - when sample  vas removed a l l  cement con tac t s  were broken 
sc62-10 unannealed - one contac t   de l ibere te ly   b roken  
*&em d e f l e c t e d  s l i g h t l y  from o p t i c  a x i s  
T o n t r o l  r o d s  dropped sooner than noma1  
"Focal length OP parabolic mirror 
e u t r o n  f l u x  
05n/cm~-seC 
5.07 
5.10 
5 
5.03 
4.98 
4 . 5 9  
5 JJ5 
5.30 
5 .02 
5 2 8  
5.30 
5.28 
5 2 5  
5.24 
5.25 
7.14 
5 2 9  
5.22 
5.22 
5.21 
2.15 
2.16 
2.18 
2.14 
2.15 
2.15 
2.15 
2.13 
2 .21  
2.21 
2.20 
2.20 
2.20 
2 .PO 
2 .OB* 
2.23* 
2.05' 
2.20 
2.20 
2.20 
Photomul. 
Voltage 
t i p l i e r  
690 
690 
690 
590 
590 
490 
690 
Ds na 
C a i n  
50 
50 
50 
20 
20 
20 
20 
20 
20 
20 
20 
20 
50 
50 
50 
50 
20 
20 
50 
20 
3ecimen 
E@-12 
E@-10 
Or ien ta t ion  
4p 
Q 
rand om 
random 
random 
Opt i ca l  
Besm 
Diemeter 
11/16" 
31'0" 
310" 
318" 
318'" 
11/16" 
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TABU3 IV 
SUMMARY OF ABSORPTION COEFFICIENT RESULTS 
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COMPARISON OF TRANSMISSIVITIES  AT DIFFERENT TEMPERATURES 
WAVELENGTH, A = 0.215 MICRON 
SC 62-5 E -8 300' C 
SC 62-5 E-1 5OO0C 
SC 62-5 E-5 9OOOC 
. .  . . .  .- 
. ,  . . I _  . . I ,  . . . . . . . . . .  . . .  , . .  _ . .  
. . . . . . .  . . . . . . . . . .  
, . , . . , . . , . 
AMA FLUX I 
" 
0 200 400 800 
TIME FROM PEAK OF TRIGA PULSE, t - MlLLlSEC 
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OPTICAL  SCHEMATIC  FOR  IN-REACTER  TRANSMISSION  MEASUREMENTS 
REACTORCORE 
CORNER CUBE TEST SPECIMEN 
T 
i 
267 MM PARABOLIC 
267 MM PARABOLIC 
OFF-AXIS MIRROR 
VARIABLE APERTURE 
REMOVABLE PLANE 
MIRROR FOR SOURCE 
ABLE FIELD 
STOPS ( 12 MM DIA ) 
SELECTION MONOCHROMATOR AND 
PLANE MIRROR DETECTOR SUBSYSTEM 
OPTICAL SOURCES CONCRETE a LEAD WALL 
CONCRETE WALL PARAFFIN 
AND LEAD SHIELDING 
BEAMCATCHER 
FIG. 3 
OPTICAL  INSTRUMENTATION IN TRIGA  REACTOR 
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FIG. 4 
EFFECT OF LOCATION OF PHOTOMULTIPLIER ON BYPASS  IGNAL  EVELS 
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FIG. 5 
EFFECT OF  SHIELDING ON BYPASS  IGNAL  EVELS 
TEST CONDITIONS 
INITIAL CONDITIONS (AS IN REF. 1) 
A-11 AFTER  SHIELD  WALL  MODIFICATIONS 
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FIG. 6 
REPEATABILITY OF  LUORESCENT  SIGNAL LEVEL DURING  RUNS C-1 THROUGH C-8 
S PECIMEN  SC62-11 
TEMPERATURE 700OC 
WAVELENGTH, h 2150% 
PRECONDITIONING:  ANNEALED 
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FIG. 7 
20 
16 
12 
' 8  
4 
0 
EFFECT OF TEMPERATURE ON FLUORESCENT  SIGNAL LEVEL 
SPECIMEN SCb2-0 
WAVELENGTH , A  2 1 5 0 8  
PRECONDITIONING:  U ANNEALED 
-0.06 -0.04 -0.02 0 0.02 0.04 0.06 
TIME FROM PEAK OF TRIGA PULSE, t-SEC 
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F I G .  8 
EFFECT OF  TEMPERATURE  ON  FLUORESCENT  SIGNAL 
LEVEL AT  PEAK OF TRIGA  PULSE 
DURING RUN  SERIES G 
SPECIMEN SC62-13 
WAVELENGTH , A  2150 x 
PRECONDITIONING:  ANNEALED 
l- 
900 1000 
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FIG. 9 
EFFECT OF  SPECIMEN  MOUNTING  CONFIGURATION ON TRANSMISSIVITIES 
DURING  TEST  RUNS 
WAVELENGTH, h 2150 
TEMPERATURE  700oC 
SYMBOL  RUN  SPECIMEN I MOUNTING 
(ONE DELIBERATELY 
BROKEN) 
DATANOTCORRECTEDFOR FLUORESCENCE 
1.04 
1 .oo 
0.96 
0.92 
o .aa 
- 0.2 0 0 . 2  0.4 0.6 o .a 1 .o 
TIME FROM PEAK OF TRIGA PULSE, t-SEC 
.28 
FIG. 10 
TYPICAL SIGNAL  EVELS RECORDED DURING  TRIGA  PULSE 
SPECIMEN SC62-13 
0 
WAVELENGTH, A 2150 A 
TEMPERATURE 7OO0C 
,++++"+-+- I I FLUORESCENT  SIGNAL  (RUN G - 4 ) 4  I I 
-0.2 -0.1 0 0.1 0.2 
TIME FROM PEAK OF TRIGA PULSE, t-SEC 
FIG. 11 
CORRECTED  ATA  FOR  UN 6-3 
SPECIMEN  SC62-13 
WAVELENGTH,A 2150 
TEMPERATURE 7OO0C 
~ _ _  
SYMBOL 
FLUORESCENCE G-4 0 
TRANSMISSION G-3 0 
D E S C R I P T I O N   R U N  
”  
A CORRECTED  DATA G-3 MINUS G-4 
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FIG. 12 
EFFECT OF TEMPERATURE UPON TRANSMISSIVITY 
AT 3021 ANGSTROMS  DURING  TRIGA  PULSE 
SPECIMEN sc62-a 
PRECONDITIONING:  UNANNEALED 
L S Y M B o L  I RUN 1 TEMPERATURE USED  FOR  CORRECTION CORRECTION AT t = 0 1 FLUORESCENT  RUN FLUORESCENT 
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FIG. 13 
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EFFECT OF TEMPERATURE  UPON  TRANSMISSIVITY 
AT 2150 ANGSTROMS  DURING  TRIGA  PULSE 
SPECIMEN 9 3 2 - 0  
PRECONDITIONING:  UNANNEALED 
RUN 
6-12 
0-14 
0-18 
FLUORESCENT  RUN  FLUORESCENT 
TEMPERATURE 
USED FOR CORRECTION CORRECTION AT t = 0 
soooc 
0.52 0-17 9OOOC 
0.28 0-13 7OOOC 
0.17 0-11  
-0.2 0 0.2 0.4 0.6 
0 
0.01 
0.02 
0.03 
0.04 
1 .o 
- 
TIME FROM PEAK OF TRlGA PULSE, t-SEC 
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FIG. 14 
REPEATABILITY OF TRANSMISSIVITY  DURING RUNS C-3 THROUGH C-9 AT 700°C 
SPECIMEN SC62-11 
0 
WAVELENGTH, A 2150  A
PRECONDITIONING:  ANNEALED 
. ~ 
FLUORESCENT  RUN  FLUORESCENT 
RUN CORRECTION  AT t = USED FOR CORRECTION 
c - 3  c -1  
0.44 C-8 C -9 
0.525 C  -6  c-7 
0.525 c -4  c - 5  
0.46 
.~ 
.. . " .  .~~ 
-0.2 0 0.2 0.4 0.6 
TIME FROM PEAK OF TRIGA PULSE, t-SEC 
0.8 1 .o 
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FIG. 15 
REPEATABILITY OF TRANSMISSIVITY  DURING RUNS D-2 THROUGH D-8 AT 70OoC 
SPECIMEN SC62-9 
WAVELENGTH A 2150; 
PRECONDITIONING:  U ANNEALED 
- 
SYMBOL  RUN FLUORESCENT  RUN  FLUOR SCENT 
USED  FOR  CORRECTION  CORRECTION  AT t = 0 
7"-
0 D-2 D- 1 
Q D-4 0-3 1.10 
0 D-6 D-5 1 .oo 
A D-8 D-7 1.17 
~~ ~ 
1.4 
1.2 
1 .o 
0.8 
0.6 
-0.2 0 0.2 0.4 0.6 0.8 1 .o 
TIME FROM PEAK OF TRIGA PULSE, t - SEC 
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FIG. 16 
COMPARISON OF TRANSMISSIVITY  DURING RUNS AT 500°C WITH INTERVENING PULSES 
SPECIMEN SC62-13 
WAVELENGTH,A 2150 i 
PRECONDITIONING: ANNEALED 
FLUORESCENT RUN FLUORESCENT 
RUN CORRECTION AT t=O USED FOR CORRECTION 
I ' 0 G-1 
* 
G-2 0.045 
I 0 I G-9 I G-10 0.055 I 
TIME FROM PEAK OF TRlGA PULSE, t-SEC 
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FIG. 17 
COMPARISON OF TRANSMISSIVITY  DURING  CONSECUTIVE  RUNS  AT 900°C 
SPECIMEN  SC62-13 
WAVELENGTH, h 2150 
PRECONDITIONING: ANNEALED 
FLUORESCENT RUN FLUORESCENT I USED  FOR  CORRECTION  CORRECTION  AT t=O "-
0 G-5 G-6  0.075 
0 G.-7 G-8 0.080 
" - 
~~ 
TIME FROM PEAK OF TRIGA PULSE, t-SEC 
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FIG. 18 
EFFECT OF TEMPERATURE  UPON  TRANSMISSIVITY  AT 2150 DURING  TRIGA  PULSE 
SPECIMEN  SC62-13 
PRECONDITIONING: ANNEALED 
FLUORESCENT  RUN  FLUORESCENT 
G-4 0.052 
G-6 0.075 
0.2 0.4 0.6 0.8 1 .o 
TIME FROM PEAK OF TRIGA PULSE, t-SEC 
.37 
FIG. 19 
EFFECT OF  TEMPERATURE ON ASSORPTION  COEFFICIE.NT  AT  PEAK OF  TRlGA  PULSE 
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